On the relationship between Fickian diffusivities at the continuum and molecular levels.
We present a general description of the relationship between Fickian diffusivities at the continuum and molecular levels of description. Specifically, we address the issue of using molecular-level simulation techniques to generate Fickian diffusivities that can be rigorously used in the macroscopic evolution equations. Notably, we clarify the traditional equation for the evaluation of the Fickian diffusivity from molecular dynamics simulation. We provide an algorithm to be implemented in a molecular dynamics simulation with which one can generate Fickian diffusivities under the same set of criteria as used in the derivation of the continuum equations. We comment on the consequences for both equilibrium and nonequilibrium molecular dynamics simulations. We demonstrate that failure to rigorously account for the frame of reference can result in large errors, on the order of 100%, in the Fickian diffusivity.